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Description 

BACKGROUND OF THE INVENTION 
Field of invention: 

[0001] The present invention relates to an apparatus 
as given in the preamble of claim 1 , for generating com- 
pression waves in a conductive liquid, such as a molten 
metal. 

Description of the Related Art: 

[0002] There have been poured Intensive efforts In 
developing a technique that generates compression 
waves in a molten metal contained in a container and 
aims at an Improvement of the tissues after the solidifi- 
cation of the molten metal and an enhancement of re- 
fining capabilities. However, it is considered difficult, at 
the present stage, to efficiently achieve a higher 
strength of the compression waves, and satisfactory re- 
sults have not yet been accomplished. 
[0003] Accordingly, there is a need to provide an ap- 
paratus for generating compression waves in a conduc- 
tive liquid contained in a vessel, which improves an ac 
electromagnetic force applying means that generates 
the compression waves directly In the conductive liquid 
contained In the vessel, and thereby enhances the 
strength of the compression waves sufficiently. 
[0004] An apparatus as given in the preamble of claim 
1 Is described In AMANO S. ET AL: *Non-contact gen- 
eration of compression waves In a liquid metal by im- 
posing a high frequency magnetic field', ISJI INTERNA- 
TIONAL, JAPAN. 1997, vo. 37. no. 10. pages 962 to 
966. 

[0005] In this paper, an experimental apparatus for 
generation of compression waves in a liquid metal is de- 
scribed and shown. The apparatus contained a liquid 
gallium poured up to 56 mm depth in an acrylic vessel 
with a cross section of 50 x 50 mm^. An altemating 
magnetic field of 2.2 kHz was imposed by the gallium 
by a 10-turns coil placed under the vessel. 

Thus, AMANO S. ET AL disclose an apparatus for 
generating compression waves in a conductive liquid, 
which comprises a vessel containing a conductive liquid 
and an ac electromagnetic force applying means that 
generates the compression waves in the conductive liq- 
uid contained in the vessel. The ac frequency f = 2.2 
l<Hz of the ac electromagnetic force applying means lies 
within a range given by the following [expression 1]: 

[expression 1] 



2 <f<£ii£ 
~ 2n 



i2 



[0006] Here, f: frequency (a major frequency when a 
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wave-form of an etectromagnetic force is developed by 
the Fourier transfonm, in case of the wave-fonm being a 
non-sine wave) 

L: characteristic length of the system (for example, 
a depth, a radius of the vessel containing the con- 
ductive liquid) 

|i: pemneablllty of the conductive liquid 
o: electric conductivity of the conductive liquid 
c: propagation velocity of the compression waves 
in the conductive liquid. 

[0007] In the DE-C-972 054 as published on 1 4 May 
1959, a further apparatus for generation of compression 
waves in a molten metal is described. The Icnown appa- 
ratus has two equiaxed coils, one of them being tra- 
versed by a high frequency current, the other coil is tra- 
versed by a direct current. Such a dc magnetic field and 
an ac magnetic field are produced. As example, the high 
frequency coll of an induction furnace is used at least 
for one of the coils. 

[0008] Starting from the closest prior art as given in 

the scientific paper of AMANO S: ET AL, the problem of 

the invention is to improve an apparatus as given in the 

preamble of claim 1 in such a way that the generation 

of stronger compression waves is possible. 

[0009] This problem is solved by an apparatus having 

the features of the enclosed claim 1 . 

[0010] Advantageous embodiments are given in the 

dependent claims. 

[001 1 ] The invention discloses an apparatus for gen- 
erating compression waves in a conductive liquid, which 
comprises a vessel containing a conductive liquid and 
an ac electromagnetic force applying means that gen- 
erates the compression waves in the conductive liquid 
contained in the vessel, in which an ac frequency f of 
the ac etectromagnetic force applying means Is set with- 
in a range given by the following [expression 1]: 

[expression 1] 



^ <f<liig- 



45 



Here, 
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55 



f: frequency (a major frequency when a wave-fonm 
of an electromagnetic force is developed by the 
Fourier transfonn, in case of the wave-fomn being a 
non-sine wave) 

L: characteristic length of the system (for example, 
a depth, a radius of the vessel containing the con- 
ductive liquid) 

\l: pemneability of the conductive liquid 
c: electric conductivity of the conductive liquid 
c: propagation velocity of the compression waves 
inthe conductive liquid. 
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[0012] According to one aspect of the invention, the 
ac electromagnetic force appiying means in the appa- 
ratus for generating compression waves in a conductive 
liquid is an ac magnetic field generating electromagnetic 
coil, which is provided around the circumference of the 
vessel and a dc magnetic field generating electromag- 
netic coil is provided around the circumference of the 
vessel. The dc magnetic field generating electromag- 
netic coil is a superconducting magnet, and the vessel 
and the ac magnetic field generating electromagnetic 
coil are inserted In the bore of the superconducting mag- 
net. 

[001 3] According to one embodiment of the invention, 
the ac electromagnetic force applying means comprises 
a pair of electrodes that are installed at positions on the 
circumferential wall of the vessel facing to each other so 
as to energize the conductive liquid, and an ac power 
supply connected to the electrodes. 
[0014] According to a further embodiment of the in- 
vention, the dc magnetic field generating electromag- 
netic coil is provided around the circumference of the 
vessel provided with the electrodes. 
[0015] Preferably, the vessel with a pair of the elec- 
trodes is inserted in the bore of the superconducting 
magnet. 

[001 6] According to another embodiment of the inven- 
tion , the vessel of an apparatus for generating compres- 
sion waves in a conductive liquid is formed of ceramics 
and provided with a metal reinforcing material on the cir- 
cumference thereof, and an ac magnetic field generat- 
ing electromagnetic coil as the ac electromagnetic force 
applying means is provided overiying the vessels. 
[0017] According to the present invention relating to 
the aforementioned apparatus for generating compres- 
sion waves in a conductive liquid, since the ac frequency 
of the ac electromagnetic force applying means that 
generates the compression waves In a conductive liquid 
contained in a vessel is set within an appropriate range 
by the reason described later, the compression waves 
can be generated with a certain strength. Thereby, de- 
gassing of the conductive liquid and micro structuring of 
the tissues are effectively processed, and material Im- 
provement after the solidification of the conductive liquid 
will be brought about efficiently. 
[0018] And, when the ac magnetic field generating 
electromagnetic coil as the ac electromagnetic force ap- 
plying means Is installed around the circumference of 
the vessel, the compression waves will be generated In 
the conductive liquid with a simplified construction and 
a low cost. 

[001 9] And, when, in addition to the ac magnetic field 
generating electromagnetic coil, a dc magnetic field 
generating electromagnetic coil is further installed 
around the circumference of the vessel, the superlmpo- 
sition of both the electromagnetic coils effects a stronger 
generation of the compression waves in the conductive 
liquid contained In the vessel. Thereby, enhancement of 
the refining capabilities after the solidification of the con- 



ductive liquid and improvement of the tissues will suffi- 
ciently be accomplished. 

[0020] Further, when, while the dc magnetic field gen- 
erating electromagnetic coll is made up with a super- 

5 conducting magnet, the foregoing vessel and the ac 
magnetic field generating electromagnetic coil are in- 
serted in the bore of the superconducting magnet, the 
superimposition of both the dc magnetic field generating 
electromagnetic coil as the superconducting magnet 

10 and the ac magnetic field generating electromagnetic 
colt effects a still stronger generation of the compression 
waves in the conductive liquid contained in the vessel, 
and material improvement after the solidification of the 
conductive liquid is achieved still more efficiently. 

15 [0021 ] Further, when the ac electromagnetic force ap- 
plying means is made up with a pair of electrodes that 
are installed at positions on a circumferential wall of the 
vessel facing to each other so as to energize the con- 
ductive liquid in the vessel, and the ac power supply con- 

20 nected to the electrodes, and furthermore the dc mag- 
netic field generating electromagnetic coil is Installed 
around the circumference of the vessel, the ac magnetic 
field generating electromagnetic coil is not required. Ac- 
cordingly, the total construction of the apparatus is sim- 

25 plified remarkably, and in addition, the compression 
waves are generated efficiently In the conductive liquid 
contained in the vessel so as to contribute to material 
Improvement after the solidification of the liquid. 
[0022] And, also in this case, when the dc magnetic 

30 field generating electromagnetic coil is made up with a 
superconducting magnet. In the bore of which Is inserted 
the vessel with the electrodes, the effect of a strong elec- 
tromagnetic force by the dc magnetic field generating 
electromagnetic coll as the superconducting magnet is 

35 superimposed on the effect by the ac electromagnetic 
force applying means by a pair of the electrodes, which 
generates the compression waves still more effectively 
in the conductive liquid contained in the vessel, thereby 
achieving material improvement after the solidification 

40 of the liquid. 

[0023] Further, while tiie vessel maintains a sufficient 
strength reinforced by the metal reinforcing material, 
when it is provided with the ac magnetic field generating 
electromagnetic coil to overiie the vessel , the apparatus 

45 is able to generate intensified compression waves in the 
conductive liquid contained in the vessel without being 
influenced by the metal reinforcing material. Thus, de- 
gassing of the conductive liquid and micro structuring of 
the tissues are effectively processed, whereby material 

50 Improvement after the solidification of the conductive liq- 
uid will be accomplished. 

[0024] Further, when the superimposition effect by the 
ac magnetic field generating electromagnetic coil pro- 
vided overlying the vessel and the dc magnetic field gen- 
55 erating electromagnetic coll provided around the cir- 
cumference of the vessel is configured to generate in- 
tensified compression waves in the conductive liquid 
contained in the vessel, the material improvement after 
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the solidification of the conductive liquid will be achieved 
more appropriately. 

[0025] And, when the dc magnetic field generating 
electromagnetic coil provided around the circumference 
of the vessel is made up with a superconducting coil in s 
pursuit forthe superimposltlon effect by association with 
the ac magnetic field generating electromagnetic coil 
provided overiying the vessel, a still stronger generation 
of the compression waves in the conductive liquid con- 
tained in the vessel will be brought about, and a suffi- io 
clent material improvement after the solidification of the 
liquid will be accomplished. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0026] 

Fig. 1 is a perspective view to typically illustrate an 
apparatus for generating compression waves in a 
conductive liquid; 2a 
Fig. 2 is an explanatory drawing to typically illustrate 
a second apparatus for generating compression 
waves In a conductive liquid; 
Fig. 3 is an explanatory drawing to typically illustrate 
an apparatus for generating compression waves in 25 
a conductive liquid as an embodiment of the inven- 
tion; 

Fig. 4 is an explanatory drawing to typically illustrate 
a further apparatus for generating compression 
waves in a conductive liquid; 30 
Fig. 5 is an explanatory drawing to typically illustrate 
a further apparatus for generating compression 
waves in a conductive liquid; 
Fig. 6 is an explanatory drawing to typically illustrate 
an apparatus for generating compression waves in 35 
a conductive liquid as an embodiment of the inven- 
tion; 

Fig. 7 is an explanatory drawing to typically illustrate 
a further apparatus for generating compression 
waves in a conductive liquid; 
Fig. 8 is an explanatory drawing to typically illustrate 
a further apparatus for generating compression 
waves in a conductive liquid; and 
Fig. 9 is an explanatory drawing to typically illustrate 
an apparatus for generating compression waves in 45 
a conductive liquid as an embodiment of the inven- 
tion. 

DETAILED DESCRIPTION 

50 

[0027] As shown in Fig. 1 , an apparatus for generating 
compression waves comprises a vessel 2 containing a 
conductive liquid 1 (for example, molten metals, plas- 
tics, high-temperature liquid semiconductors, or ceram- 
ics, etc.), and an ac magnetic field generating electro- 55 
magnetic coil 3 installed around the circumference of the 
vessel 2 as an ac electromagnetic force applying 
means, whereby a vertical ac magnetic field B^c can be 



generated. 

[0028] And, in order to efficlentty generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, a frequency f of an ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 
is set by a frequency controller 5 within the range gh/en 
by the [expression 1]. 

[expression 1] 

Here, 

f : frequency (a major frequency when a wave-form 
of an electromagnetic force Is developed by the 
Fourier transfonn, in case of the wave-form being a 
non-sine wave) 

L: characteristic length of the system (for example, 
a depth, a radius of the vessel containing the con- 
ductive liquid) 

|i: pemieability of the conductive liquid 
o: electric conductivity of the conductive liquid 
c: propagation velocity of the compression waves 
In the conductive liquid 

[0029] The reason why the frequency f Is set within 
the foregoing range is as follows. That is, the range 
where an electromagnetic force acts on aconductive liq- 
uid practically covers a depth from the surface, which is 
known as the depth of electromagnetic penetration. Pro- 
vided that this depth of electromagnetic penetration is 
greater than the characteristic length L of the system, 
the electromagnetic force will not be generated efficient- 
ly. Therefore, to efficientiy generate the compression 
waves, it is necessary to make the depth of electromag- 
netic penetration smaller than the characteristic length 
L of the system. This condition Is given by the [expres- 
sion 2]. 

[expression 2] 



[0030] On the other hand, a wavelength In a higher 
frequency region can be smaller than the depth of elec- 
tromagnetic penetration. Under this condition, the com- 
pression waves cannot efficlentty be generated. There- 
fore, to efficiently generate the compression waves. It is 
necessary to make the depth of electromagnetic pene- 
tration greater than the wavelength of the compression 
waves. This is given by the [expression 3]. 
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(expression 3] 



[0031 ] in the foregoing apparatus for generating com- 
pression waves In a conductive liquid, the ac frequency 
f of the ac electromagnetic force applying means that 
generates the compression waves In the conductive llq- io 
uid 1 contained In the vessel 2 Is set within an appropri- 
ate range by the aforementioned reason, and the com- 
pression waves can be generated with a sufficient 
strength accordingly. Thereby, degassing of the conduc- 
tive liquid and micro structuring of the tissues are effec- is 
tlvely processed, and material improvement after the so- 
lidification of the liquid will be brought about efficiently. 
[0032] And, since the ac electromagnetic force apply- 
ing means is installed around the circumference of the 
vessel 2 as the ac magnetic field generating electromag- 20 
netic coil 3, the generation of the compression waves in 
the conductive liquid contained in the vessel will be car- 
ried out with a simplified construction and a low cost. 
[0033] Next, a second apparatus for generating com- 
pression waves in a conductive liquid will be described. 25 
As shown In Fig. 2, also this apparatus comprises the 
vessel 2 containing the conductive liquid 1 (for example, 
molten metals or plastics, etc.), and the ac magnetic 
field generating electromagnetic coll 3 installed around 
the circumference of the vessel 2 as the ac electromag- 
netic force applying means, whereby the ac magnetic 
field BfijQ can be generated vertically. 
[0034] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 
for the ac magnetic field generating electromagnetic coil 
3 Is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0035] In this second apparatus, a dc magnetic field 
generating electromagnetic coil 6 is further installed so 
as to surround the circumference of the vessel 2 and the 
ac magnetic field generating electromagnetic coll 3, 
whereby a vertical dc magnetic field Bqc gener- 
ated which passes through the conductive liquid 1 . 
[0036] In the second apparatus, the superlmposition 
of the ac magnetic field generating electromagnetic coil 
3 and the dc magnetic field generating electromagnetic 
coll 6 effects a still stronger generation of the compres- 
sion waves in the conductive liquid 1 contained in the 
vessel 2. Thereby, improvement of the tissues after the 
solidification of the liquid and enhancement of the refin- 
ing capabilities will sufftolently be accomplished. 
[0037] Next, the apparatus for generating compres- 
sion waves in a conductive liquid as a first embodiment 
of the invention will be described. As shown in Fig. 3, 
also in this embodiment, the apparatus comprises the 
vessel 2 containing the conductive liquid 1 (for example, 
molten metals or plastics, etc.), and the ac magnetic 



field generating electromagnetic coil 3 installed around 
the circumference of the vessel 2 as the ac electromag- 
netic force applying means, whereby the ac magnetic 
field B^c can be generated vertically. 
[0038] And, In order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 
for the ac magnetic field generating electromagnetic coil 
3 Is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0039] And, the dc magnetic field generating electro- 
magnetic coil 6 is further Installed so as to surround the 
circumference of the vessel 2 and the ac magnetic field 
generating electromagnetic coil 3, whereby the vertical 
dc magnetic field Bqq can be generated which passes 
through the conductive liquid 1 . However, in this embod- 
iment, the dc magnetic field generating electromagnetic 
coil 6 is configured to function as a superconducting 
magnet by a cooling means 6a being a double cylindrical 
wall-fomried container that contains a very low temper- 
ature liquid such as a liquefied helium to soak the elec- 
tromagnetic coil 6. And, the vessel 2 containing the con- 
ductive liquid 1 and the ac magnetic field generating 
electromagnetic coil 3 are inserted In the bore of this 
superconducting magnet. 

[0040] Thereby, the superimposltion effect by the ac 
magnetic field generating electromagnetic coil 3 and the 
superconducting magnet 6, 6a generates more intensi- 
fied compression waves in the conductive liquid 1 , for 
example a motten iron, thereby leading to Improvement 
of the material after the solidification of the liquid still 
more efficiently. 

[0041] Next, a further apparatus for generating com- 
pression waves In a conductive liquid will be described. 
As shown in Fig. 4, the apparatus comprises the vessel 
2 containing the conductive liquid 1 (for example, molten 
metals or plastics, etc.), and a pair of electrodes 7, 7 
mounted on the circumferential wall of the vessel 2 as 
the ac electromagnetic force applying means, whereby 
an alternate current J^q can be flown through the con- 
ductive liquid 1 . 

[0042] And, In order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 
connected to the electrodes 7, 7 is set by the frequency 
controller 5 within the range given by the [expression 1 ]. 
[0043] Since this apparatus for generating compres- 
sion waves in a conductive liquid does not require the 
ac magnetic field generating electromagnetic coil, the 
total construction of the apparatus will be simplified re- 
markably. And in addition, the compression waves can 
be generated efficiently in the conductive liquid 1 con- 
tained in the vessel 2, by setting the frequency f of the 
applied alternate current within the range given by the 
[expression 1], based on the aforementioned reason; 
thus contributing to improvement of the material after 
solidification of the liquid 1 . 

[0044] In this apparatus, when the conducth/e liquid 1 
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is a high-temperalure molten metal, the material of the 
electrodes 7 is required to be resistant to a high temper- 
ature as well as being conductive, and the electrodes 7 
are made up with, for example. Zr&2 made of boron and 
zirconium. ^ 
[0045] As shown In Fig. 5, a further apparatus for gen- 
erating compression waves In a conductive liquid com- 
prises, basically In the same manner as In the apparatus 
described before, the vessel 2 containing the conductive 
liquid 1 , and a pair of the electrodes 7, 7 mounted on io 
the circumferential wall of the vessel 2 as the ac elec- 
tromagnetic force applying means, whereby the alter- 
nate cun^ent J^c c®" fl°wn through the conductive 
liquid 1. 

[0046] And. In order to efficiently generate the com- 
pression waves In the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 
connected to the electrodes 7, 7 Is set by the frequency 
controllers within the range given by the [expression 1]. 
[0047] I n this apparatus of Fig. 5, the dc magnetic field 
generating electromagnetic coil 6 is further installed so 
as to surround the circumference of the vessel 2. where- 
by the vertical dc magnetic field Bqq can be generated 
which passes through the conductive liquid 1 . 
[0048] Thus, in this apparatus, the superimposltlon of 
the alternate current J^c flowing through the conductive 
liquid 1 and the vertical dc magnetic field Bqq effects a 
still stronger generation of the compression waves in the 
conductive liquid 1 contained in the vessel 2. Thereby, 
improvement of the tissues after the solidification of the 
conductive liquid 1 and enhancement of the refining ca- 
pabilities will sufficiently be accomplished. 
[0049] Further, in the second embodiment of the In- 
vention shown in Fig. 6, compared with the apparatus 
in Fig. 5, the dc magnetic field generating electromag- 
netic coil 6 is configured to function as a superconduct- 
ing magnet by the cooling means 6a being a double cy- 
lindrical wall-formed container that contains a very low 
temperature liquid such as a liquefied helium. And, the 
vessel 2 containing the conductive liquid 1 and provided 
with the eletrodes 7 is inserted in the bore of this super- 
conducting magnet. 

[0050] Thereby, the synergistic effect by the alternate 
current J^c applied to the conductive liquid 1 and the dc 
magnetic field Bqc generated by the superconducting 
magnet 6, 6a generates more intensified compression 
waves In the conductive liquid 1 , such as a molten iron, 
thereby achieving Improvement of the material after the 
solidification of the conductive liquid 1 stiil more effi- 
ciently. 

[0051] Next, a further apparatus for generating com- 
pression waves In a conductive liquid will be described. 
As shown In Fig. 7, the vessel 2 containing the conduc- 
tive liquid 1 is formed of ceramics as magnesia (MgO), 
and a metal reinforcing material 8 (reinforcing metal 
plate In this embodiment) is applied to the circumference 
of the vessel 2. 

[0052] Further, the ac magnetic field generating elec- 



tromagnetic coil 3 as the ac electromagnetic force ap- 
plying means Is disposed overlying the vessel 2, so as 
to generate the vertical ac magnetic field B^^c efficiently 
without being influenced by the metal reinforcing mate- 
rial 8. 

[0053] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency of the ac power supply 4 for 
the ac magnetic field generating electromagnetic coil 3 
is set by the frequency controller 5 within the range given 
by the [expression 1]. 

[0054] This apparatus for generating compression 
waves in a conductive liquid, while the ceramic vessel 

2 maintains a sufficient strength given by the metal re- 
inforcing material 8, is able to generate intensified com- 
pression waves in the conductive liquid 1 without being 
influenced by the metal reinforcing material 8 by the ac 
magnetic field generating electromagnetic coll 3 dis- 
posed to overlie the vessel 2. Thus, material Improve- 
ment after the solidification of the conductive liquid 1 will 
be accomplished by degassing of the conductive liquid 
1 and micro structuring of the tissues. 

[0055] Further, in addition to the magnesia having the 
melting point of 2800°C, the vessel 2 can employ as a 
material alumina (Ai203, melting point 2080'*C), silica 
(Si02, melting point 1710'C), or the like. For example, 
it is possible to contain a molten silica as a conductive 
liquid in a vessel made of a magnesia and apply a treat- 
ment to the liquid by means of the compression waves 
accordingly. 

[0056] Next, a stiil further apparatus for generating 
compression waves in a conductive liquid will be de- 
scribed. As shown in Fig. 8, the apparatus of this em- 
bodiment comprises. In the same manner as in the ap- 
paratus described just before, the ceramic vessel 2 with 
the metal reinforcing material 8, which contains the con- 
ductive liquid 1, and the ac magnetic field generating 
electromagnetic coil 3 overlying the vessel 2 as the ac 
electromagnetic force applying means, whereby the 
vertical ac magnetic field B^^q can be generated. 
[0057] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained In 
the vessel 2, the frequency f of the ac power supply 4 
for the ac magnetic field generating electromagnetic coll 

3 is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0058] In this apparatus, the dc magnetic field gener- 
ating electromagnetic coil 6 is further installed so as to 
sunround a part or the whole of the vessel 2 and the ac 
magneticf ield generating electromagnetic coil 3, where- 
by the vertical dc magnetic field Bqc can be generated 
which passes Inside the conductive liquid 1 . 
[0059] In this apparatus shown in Flg.8, the superim- 
posltlon of the ac magnetic field generating electromag- 
netic coll 3 and the dc magnetic field generating elec- 
tromagnetic coil 6 effects a stllUstronger generation of 
the compression waves in the conductive liquid 1 con- 
tained in the vessel 2. Thereby, improvement of the tis- 



20 



25 



30 



35 



40 



45 



50 



11 EP 1091 008 B1 12 



sues after the solidification of the conductive liquid 1 and 
enhancement of the refining capabilities will sufficiently 
be accomplished. 

[0060] Further, in the same manner as the apparatus 
of Fig. 7, the strength of the ceramic vessel 2 for con- s 
talning a high temperature conductive liquid 1 can be 
increased sufficiently by the metal reinforcing material 

8. and since the ac magnetic field generating electro- 
magnetic coil 3 is disposed overlying the vessel 2, the 
electromagnetic effect of the coil 3 cannot be Influenced io 
by the metal reinforcing material 8. 

[0061] Next, the apparatus for generating compres- 
sion waves In a conductive liquid as the third embodi- 
ment of the invention will be described. As shown in Fig. 

9, the apparatus of this embodiment also comprises the 
ceramic vessel 2 with the metal reinforcing material 8, 
which contains the conductive liquid 1 (molten metals 
or plastics, etc.), and the ac magnetic field generating 
electromagnetic coll 3 overlying the vessel 2 as the ac 
electromagnetic force applying means, whereby the 20 
vertical ac magnetic field B^c can be generated. 

[0062] And, in order to efficiently generate the com- 
pression waves in the conductive liquid 1 contained in 
the vessel 2, the frequency f of the ac power supply 4 
for the ac magnetic field generating electromagnetic coil 25 
3 Is set by the frequency controller 5 within the range 
given by the [expression 1]. 

[0063] Further, the dc magnetic field generating elec- 
tromagnetic coll 6 is installed so as to surround the cir- 
cumference of the vessel 2 and the ac magnetic field so 
generating electromagnetic coll 3, whereby the vertical 
dc magnetic field Bqc can be generated which passes 
inside the conductive liquid 1 ; however in the third em- 
bodiment, the dc magnetic field generating electromag- 
netic coil 6 is configured to function as a superconduct- 3S 
Ing magnet by the cooling means 6a being a double cy- 
lindrical wall-formed container that contains a very low 
temperature liquid such as a liquefied helium to soak the 
electromagnetic coil 8. And, the vessel 2 containing the 
conductive liquid 1 and the ac magnetic field generating ^0 
electromagnetic coil 3 are inserted in the bore of this 
superconducting magnet. 

[0064] Thereby, the superimpositlon effect by the ac 
magnetic field generating electromagnetic coil 3 and the 
superconducting magnet 6, 6a generates more intensi- 
fled compression waves In the conductive liquid 1 , for 
example a molten Iron, thereby leading to improvement 
of the material after the solidification of the conductive 
liquid 1 still more efficiently. 

[0065] As the invention has been described in detail, so 
the apparatus for generating compression waves In a 
conductive liquid according to the Invention will achieve 
the following effects. 

(1) Since the ac frequency of the ac electromagnetic ss 
force applying means that generates the compres* 
slon waves In a conductive liquid contained In a ves- 
sel Is set within an appropriate range, the compres- 



sion waves can be generated with a sufficient 
strength, and thereby, degassing of the conductive 
liquid and micro structuring of the tissues are effect- 
ed, and material Improvement after the solidification 
of the conductive liquid Is canied out efficiently. 

(2) When the ac magnetic field generating electro- 
magnetic coil as the ac electromagnetic force ap- 
plying means Is Installed around the circumference 
of the vessel, the compression waves are generat- 
ed in the conductive liquid contained In the vessel 
with a simplified construction and a low cost. 

(3) When, in addition to the ac magnetic field gen- 
erating electromagnetic cblV, a dc magnetic field 
generating electromagnetic coil is further Installed 
around the circumference of the vessel, the super- 
imposition of both the electromagnetic coils effects 
a stronger generation of the compression waves in 
the conductive liquid contained In the vessel, and 
thereby, enhancement of the refining capabilities of 
the conductive liquid and improvement of the tis- 
sues after the solidification of the liquid is sufficiently 
accomplished. 

(4) When the dc magnetic field generating electro- 
magnetic coil is made up with a superconducting 
magnet, and the vessel and the ac magnetic field 
generating electromagnetic coll are inserted in the 
bore of the superconducting magnet, the superim- 
positlon of both the dc magnetic field generating 
electromagnetic coil as the superconducting mag- 
net and the ac magnetic field generating electro- 
magnetic coil effects a still stronger generation of 
the compression waves in^ the conductive liquid 
contained in the vessel, and still more efficient im- 
provement of tiie material after the solidification of 
the conductive liquid Is achieved. 

(5) When the ac electromagnetic force applying 
means is made up with a pair of electrodes that are 
installed at positions on a circumferential wall of the 
vessel facing to each other so as to energize the 
conductive liquid in the vessel and the ac power 
supply connected to the electrodes, and further- 
more the dc magnetic field generating electromag- 
netic coil is installed around the circumference of 
the vessel, the ac magnetic field generating electro- 
magnetic coll is not required; and accordingly, the 
total construction of the apparatus is simplified re- 
markably, and In addition, the compression waves 
is generated efficiently in the conductive liquid con- 
tained in the vessel so as to contribute to material 
improvement after the solidification of the liquid. 

(6) Also In case of (5), when the dc magnetic field 
generating electromagnetic coil Is made up with a 
superconducting magnet, in the bore of which Is In- 
serted the vessel with the electrodes, the effect of 
a strong electromagnetic force by the dc magnetic 
field generating electromagnetic coil as the super- 
conducting magnet is superimposed on the effect 
by the ac electromagnetic force applying mean by 



45 
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a pair of the electrodes, which generates the com- 
pression waves still more effectively In the conduc- 
tive liquid contained In the vessel, and thereby ma- 
terial Improvement after the solidification of the liq- 
uid Is achieved. 

(7) In case that the vessel Is fomried of ceramics re- 
sistant to a high temperature and reinforced by a 
metal reinforcing material on the circumference of 
the vessel, when the ac magnetic field generating 
electromagnetic coll is provided to overlie the ves- io 
sel so that the electromagnetic effect of the coil Is 
designed not to be Influenced by the metal reinforc- 
ing material, it Is possible to satisfy both the vessel 
maintaining a sufficient strength and a strong gen- 
eration of the compression waves in the vessel. *5 

(8) in case of (7), when an electromagnetic coil gen- 
erating a strong dc magnetic field is provided 
around the circumference of the vessel, the super- 
imposition effect by association with the ac magnet- 
ic field generating electromagnetic coll intensifies 20 
generation of the compression waves In the con- 
ductive liquid contained in the vessel, thereby Im- 
proving the material after the solidification of the liq- 
uid more effectively. 

(9) In case of (8), when the dc magnetic field gen- 25 
erating electromagnetic coll is made up with a su- 
perconducting magnet, a still stronger generation of 
the compression waves in the conductive liquid 
contained in the vessel is effected, and an effective 
material improvement after the solidification of the 30 
liquid is accomplished more efficiently. 

Claims 

35 

1 . An apparatus for generating compression waves in 
a conductive liquid(l), comprising a vessel (2) con- 
taining a conductive liquid (1) and an ac electro- 
magnetic force applying means that generates the 
compression waves in the conductive liquid con- 40 
tained in the vessel, wherein an ac frequency f of 
the ac electromagnetic force applying means is set 
within a range given by the following[expression 1]: 

45 

[expression 1] 
Ln\ia 2jc 

so 

here 

f : frequency (a major frequency when a wave- 
form of anelectromagnetic force Is developed 
by the Fourier transfonm, in case of the wave- ss 
fomn being a non-sine wave) 
L: characteristic length of the system (for exam- 
ple, a depth, a radius of the vessel containing 



the conductive liquid) 

\i : pemneabllity of the conductive liquid 

a : electric conductivity of the conductive liquid 

c: propagation velocity of the compression 

waves in the conductive liquid, 

charactarized In that 

a dc magnetic field generating electromagnetic coil 
(6) is provided around the circumference of the ves- 
sel (2), wherein the dc magnetic field generating 
electromagnetic coil Is a superconducting magnet 
(6,6a). 

2. An apparatus for generating compression waves in 
a conductive liquid, as claimed in claim 1 , 
charactarized in that the ac electromagnetic force 
applying means is an ac magnetic field generating 
electromagnetic coil (3), which is provided around 
a circumference of the vessel (2). 

3. An apparatus for generating compression waves In 
a conductive liquid, as claimed in claim 2, 
charactarized In that the vessel (2) and the ac mag- 
netic field generating electromagnetic coil (3) are in- 
serted in a bore of the superconducting magnet 
(6.6a). 

4. An apparatus for generating compression waves in 
a conductive liquid, as claimed In claim 1 , 
charactarized in that the ac electromagnetic force 
applying means comprises a pair of electrodes (7) 
that are installed at positions on a circumferential 
wall of the vessel (2) facing to each other so as to 
energize the conductive liquid, and an ac power 
supply connected to the electrodes. 

5. An apparatus for generating compression waves in 
a conductive liquid, as claimed In claim 4, 
charactarized In that the vessel (2) with a pair of the 
electrodes is inserted in a bore of the superconduct- 
ing magnet (6,6a). 

6. An apparatus for generating compression waves in 
a conductive liquid, as claimed in claim 1 , 
charactarized in that the vessel (2) is formed of ce- 
ramics and provided with a metal reinforcing mate- 
rial (8) on the circumference thereof, and an ac 
magnetic field generating electromagnetic coll (3) 
as the ac electromagnetic force applying means is 
provided overtying the vessel. 



PatentansprQche 

1. Vorrichtung zur Erzeugung von Druckwellen In el- 
ner leltf§higen Flusslgkeit (1) mit einem eine leitfS- 
hlge FIQssigkeit (1) enthaltenden Behdlter (2) und 
einer Einrichtung zum Auferiegen einer AC-elektro- 
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magnetischen Kraft, die die Druckwellen in der in 
6em BehStter enthattenden leitfdhigen Flussigkelt 
erzeugt, wobe) eine AC-Frequenz f der Einrlchtung 
zum Auferlegen einer AC-elektromagnetischen 
Kraft auf einen Wert Innertialb des durch den fol- 5 
genden Ausdruck [Ausdruck 1] vorgegebenen Be- 
relchs gesetzt ist: 



dass die die AC-e!ektromagnetlsche Kraft aufbrln- 
gende Einrlchtung ein Paar von Elektroden (7), die 
an Stellen an einer Umfangswand des BehStters (2) 
instailiert sind, die zuelnander gewandt sind, um so 
die (eitfahige Flussigkelt mit Energie zu versorgen, 
und eine Wechselstrom- oder Wechseispannungs- 
versorgung, die mit den Elektroden verbunden ist, 
autwelst. 



[Ausdruck 1] 



,2 



^ f ^ 



2n 



mit 



10 5. Vorrichtung zum Erzeugen von Druckwellen in einer 
leitfahigen Flussigkelt, nach Anspruch 4, 
dadurch gekennzeichnet, 
da88 der Behdtter (2) mit dem Paar von Elektroden 
in einer Bohrung des supralettenden Magnetes (6, 

IS 6a) eingesetzt ist. 



f: Frequenz (eine Hauptfrequenz, wenn eine 
Wellenform einer elektromagnetischen Kraft 
im Falle, dass die Wellenfomi kelne Slnus- 
welle 1st, durch die Fouriertransformation ent> 20 
wtekelt worden 1st), 

L: charakteristische Lange des Systems (z.B. 
eine Tiefe oder ein Radius des die leltfahige 
Flussigkelt enthaltenden Behalters), 

\i: Pemieabilltdt der leitfdhigen Flussigkelt, 25 

a : elektrische Leitfahigkelt der leltfShigen Flus- 
sigkeit, 

c: Fortschreitungsgeschwindigkeit der Druck- 
wellen In der leitfdhigen FlOssigkeit, 

30 

dadurch gekennzeichnet, dass eine ein magneti- 
sches Gleichfefd oder DC-magnetisches Feld er- 
zeugende elektromagnetische Spule (6) um den 
Umfang des Behditers (2) vorgesehen ist, wobei die 
das magnetische Gleichfeld oder DC-magnetische 35 
Feld erzeugende elektromagnetische Spule ein su- 
praleltender Magnet (6, 6a) Ist. 

Vorrichtung zum Erzeugen von Druckwellen in einer 
leitfahigen Flussigkelt nach Anspruch 1 , 40 
dadurch gekennzeichnet, 
dass die Einrichtung zum Auferlegen einer AC- 
elektromagnetischen Kraft eine ein Wechselma- 
gnetfeld oder AC-Magnetfeld erzeugende elektro- 
magnetische Spule (3) ist, die um einen Umfang 45 
des Behalters (2) vorgesehen ist. 



6. Vorrichtung zum Erzeugen von Druckwellen In einer 
leitfahigen FlOssigkeit, nach Anspruch 1 , 
dadurch gekennzeichnet, 
dass der Behalter (2) aus Keramlk gebildet Ist und 
an dem Umfang davon mit einem Metallverstdr- 
kungsmaterial (8) versehen ist, und eine ein Wech- 
selmagnetfetd oder AC-Magnetfeld erzeugende 
elektromagnetische Spule (3) als die die AC-elek- 
tromagnetlsche Kraft aufbringende Elnrk^htung den 
Kessel uberlagemd vorgesehen ist. 



Revendlcatlons 

1 . Dispositif pour g^nSrer des ondes de compression 
dans un liqulde 6lectro-conducteur (1) qui com- 
prend un bac (2) contenant un liqulde 61ectro-con- 
ducteur et un moyen pour appllquer une force 6\ec- 
tromagn§tique alternative qui g^n^re les ondes de 
compression dans te liqulde 6lectro-conducteur 
contenu dans le bac, dans lequet une frequence al- 
ternative f du dispositif d*applicatlon de la force 
61ectromagn6tique est r6glte dans une gamme 
donn6e par I'expresslon [1] sulvante : 

[expression 1] 



Vorrichtung zum Erzeugen von Druckwellen in einer 
leitfahigen Flussigkelt, nach Anspruch 2, 
dadurch gekennzeichnet, so 
dass der Behalter und die das Wechselmagnetfeld 
Oder AC-Magnetfeld erzeugende elektromagneti- 
sche Spule (3) in einer Bohrung des supraleitenden 
Magnets (6, 6a) eingesetzt sind. 

55 

Vorrk:htungzum Erzeugen von Druckwellen In einer 
leitfdhigen FlOssigkeit, nach Anspruch 1 , 
dadurch gekennzeichnet. 



0£i: 

f: frequence (frequence principale quand une 
fomrie d'onde de force 6lectromagn6tlque est 
d6vefopp6e par la transfomn^e de Fourier, dans 
le cas ou la f omie d'onde n'est pas sinusoTdale) 
L : longueur caract^ristique du syst^me (par 
exempte, une profondeur, un rayon du bac con- 
tenant le liqulde 6lectroconducteurconducteur) 
\i : perm6ablllt6 du liqulde 6lectro-conducteur 
o : conductivity diectrique du llquide Electro- 
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conducteur 

c : Vitesse de propagation des ondes de com- 
pression dans le liquide ^tectro-conducteur, 

caracterise en ce qu* ^ 

une bobine dlectromagn^tique (6) g6n6rant un 
champ magn6tique continu est en outre mont^e de 
f agon k entourer la circonf^rence du bac (2), la bo- 
bine 6lectromagn6tlque g6n6rant un champ ma- 
gn^tique continu 6tant un aimant supraconducteur io 
(6. 6a). 

Dispositif pour g^n^rer des ondes de compression 
dans un liquide 6lectro-conducteur selon la reven- 
dicationl, 

caracterise en ce que 

le moyen pour appliquer une force 6lectromagn6ti- 
que est une bobine 6iectromagn6tique (3) g6n6rant 
un champ magndtique atternatif qui est mont^e sur 
la circonfdrence du bac (2). 

Dispositif pour g^n^rer des ondes de compression 
dans un liquide ^iectro-conducteur selon la reven- 
dicatlon 2, 

caracterise en ce que 

le bac (2) et la bobine ^lectromagn^tique (3) g6n6- 
rant un champ magn6tique altematif sont ins^r^s 
dans ral^sage de I'aimant supraconducteur (6, 6a). 

Dispositif pour g6n6rer des ondes de compression 30 
dans un liquide diectro-conducteur selon la reven- 
dlcatlon 1 , 

caracterise en ce que 

le moyen pour appliquer une force dIectromagnSti- 
que comprend deux Electrodes (7) mont6es en des 35 
points de la parol de circonf6rence du bac (2) en 
face run de Tautre, de fagon k mettre sous tension 
le liquide Electro-conducteur et une alimentation en 
courant altematif est raccordSe aux Electrodes. 

40 

Dispositif pour gEnErer des ondes de compression 
dans un liquide Electro-conducteur selon la reven- 

dication 4, 

caracterise en ce que 

le bac (2) et les deux Electrodes sont InsErEs dans 
un alEsage de Taimant supraconducteur (6, 6a). 

Dispositif pour gEnErer des ondes de compression 
dans un liquide Electro-conducteur selon la reven- 
dication 1, 50 
caracterise en ce que 

le bac (2) est constituE de cEramique et dotE d'une 
matlEre mEtallique de renfort (8) sur sa circonfEren- 
ce et une bobine ElectromagnEtique (3) gEnErant 
un champ magnEtique altematif est disposEe de fa- ss 
gon h suiptomber le bac, comma moyen pour appli- 
quer une force ElectromagnEtique. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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FIG. 8 
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